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@ Method of drawing an optical fibre and fibre produced thereby. 

(§) The presence of (typically unintended) biref- 
ringence in single mode optical fiber can sev- 
erely limit the usefulness of the fiber for, e.g., 
high bit rate or analog optical fiber communi- 
cation systems, due to the resulting polarization 
mode dispersbn (PMD). It has now been discov- 
ered that PMD can be substantially reduced if, 
during drawing of the fiber (13), a torque is 
applied to the fiber such that a "spin" is im- 
pressed on the fiber. Desirably the torque is 
applied such that the spin impressed on the 
fiber does not have constant spatial frequency, 
e.g., has alternately clockwise and coun- 
terclockwise helicity. At least a portion of opti- 
cal fiber according to the Invention has a spin 
whose spatial frequency exceeds 4 spins/meter. 
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Field of the invention 

This invention pertains to optical fibers, in partic- 
ular, to single mode optical fiber having relatively low 
polarization mode dispersion (PMD). It also pertains 
to communication systems that comprise such fiber, 
and to methods of making such fiber. 

Background of the invention 

An Ideal circularly symmetric "single mode" opti- 
cal fiber can support two independent, degenerate 
modes of orthogonal polarization. Either one of these 
constitutes the fundamental HEn mode. In general, 
the electric field of light propagating along the fiber is 
a linear superposition of these two polarization etgen- 
modes. 

In practical single mode fiber, various imperfec- 
tions such as asymmetrical lateral stress and a non- 
circular core typically break the circular symmetry of 
the Ideal fiber and lift the degeneracy of these two 
polarization modes. The two modes then propagate 
with different phase velocities, and this difference be- 
tween their effective refractive Indices is called bire- 
fringence. 

Fiber birefringence can result from either a geo- 
metrical deformation or from various elasto-optic, 
magneto-optic or electro-optic index changes. In so- 
called polarization-preserving fibers asymmetry is 
deliberately introduced into the fiber. However, in or- 
dinary (non-polarization-preserving) fibers the bire- 
fringence mechanisms act on thef iber in substantially 
unpredictable manner. Thus, the polarization state of 
the guided light will typically evolve through a pseu- 
dorandom sequence of states along the fiber, with 
the polarization state at the fiber output typically be- 
ing both unpredictable and unstable. On average, a 
given polarization state in a given fiber is reproduced 
after a certain length Lp, the polarization "beat" 
length associated with the given fiber. 

The presence of birefringence In conventional 
single nnode fiber results in signal dispersion (so-cal- 
led polarization mode dispersion or PMD) and thus 
typically is undesirable, especially for applications 
that involve high bit rates or analog transmission 
(e.g., for optical fiber analog CATV systems). 

It is known that fiber having low PMD can be pro- 
duced by rapidly spinning the preform while pulling 
the fiber from the preform. The prior art teaches that 
this results in periodically interchanged fast and slow 
birefringence axes along the fiber, which can lead to 
very low net birefringence due to piecemeal compen- 
sation of the relative phase delay between the polar- 
ization eigenmodes, provided the spin pitch is much 
less than the "un-spun" fiber beat length. See, for in- 
stance. A. Ashkin et al., Applied Optics. Vol. 20(13), 
p. 2299; A. J. Barlow et al., Applied Optics, Vol. 
20(17), p. 2962; and S. C. Rashleigh, Laser Focus, 
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May 1983. 

It is primarily the prior art requirement that the 
spin pitch be much less than the "unspun" Lp which 
makes the prior art technique substantially unsuitable 

5 for current commercial fiber production. For instance, 
assuming that the unspun Lp is about 1 m and the 
draw speed is 10 nrVseconds, then the preform has to 
be spun at 6000 rpm in order to yield a spin pitch that 
is 1/10th of the unspun Lp. This is typically not prac- 

10 tical in commercial fiber production. 

In view of the commercial significance of low bi- 
refringence optical fiber, it would be highly desirable 
to have available a technique for producing such fiber 
that is compatible with current commercial practice. 

15 e.g., that is usable even at the high draw speeds that 
are typically used now. This application discloses 
such a technique. 

Brief Description of the Drawings 

20 

FIG. 1 schematically depicts exemplary prior art 
fiber draw apparatus; 

FIG. 2 shows, schematically and In top view, the 
guide portion of the apparatus of FIG. 1 ; 

25 FIGs. 3-5 depict, also schematically and in top 

view, exemplary guide portions that can be used 
to practice the invention; and 
FIG. 6 shows exemplary data on spin vs. distance 
along the fiber, for fiber according to the tnven- 

30 . tion. 

The invention 

The invention is as defined by the claims. Broadly 
35 speaking, the invention is embodied in a novel and 
convenient method of making optical fiber, typically 
single mode fiber, that can be used to produce fiber 
having low PMD, exemplarily less than 0.5 ps/km^'^. 
It is also embodied in a novel type of low PMD fiber, 
40 and In articles (e.g., an optical fiber communication 
system) that comprise such fiber. 

More specifically, the inventive method compris- 
es providing a conventional optical fiber preform, 
heating at least a portion of the preform to a conven- 
es tronal draw temperature, and drawing optical fiber 
from the heated preform in such a way that a spin Is 
impressed on the fiber. Signifrcantly. a torque is ap- 
plied to the fiber such that the fiber is caused to twist 
around its longitudinal axis, with a resulting torsional 
50 deformation of the fiber material in the hot zone. 

A spin is "impressed" on the fiber herein if fiber 
material in the hot zone is caused to be torsionally de- 
formed, with that deformation being frozen into the 
fiber, such that the fiber exhibits a permanent "spin", 
55 i.e., a permanent torsional deformation. The exis- 
tence of such a froze n> in spin can be readily ascer- 
tained, e.g., by microscopic examination of the fiber 
to determine rotation of core ovality or eccentricity, or 
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by means of a traveling magneto-optic modulator, as 
. used by M. J. Marrone et a!.. Optics Letters, Vol. 
12(1), p. 60. Associated with such a frozen-in spin is 
a pitch, the spin repeat distance along the fiber. 

As will be readily appreciated by those skilled In s 
the art, the prior art method of spinning the preform 
results in a spin of essentially constant pitch. It Is 
known that small twists of the symmetry axes can oc- 
cur during the drawing process such that even con- 
ventional single-mode fibers exhibit a variation in the io 
optical polarization along the fiber. See, for instance, 
the above cited Marrone et al. paper. However, we 
know of no case of prior art fiber with unintended spin 
whose spin had a spatial frequency in excess of 4 
spins/meter. See, for instance, M. J. Marrone et al., is 
op. cit., Table 1. Fiber having such low spin typically 
does not exhibit commercially significant reduction in 
PMD. Thus, fiber according to the invention compris- 
es a portion or portions having spin spatial frequency 
in excess of 4 spins/meter, preferably in excess of 10 20 
or even 20 spins/meter. 

In currently preferred embodiments of the inven- 
tion, the torque is applied Intermittently to the fiber, 
whereby the spin Impressed on the fiber has a pitch 
that is not constant over substantial lengths of fiber, 25 
e.g., is not constant over the beat length Lp. We cur- 
rently believe that non-constant pitch can have ad- 
vantages over constant pitch, since low pitch can also 
couple the two polarization modes, provided the pitch 
is precisely matched with the fiber birefringence spa- 30 
tial frequency. See. for instance, S. C. Rashleigh, 
of Lightwave Technology , Vol. LT-1(2). pp. 312-33lT 
especially p. 320, where it is stated that, "...regardless 
of the actual distribution f(z) of the birefringence per- 
turbations, only the one spectral component with fre- 35 
quency Pi can couple the two polarization eigen- 
modes. All other spectral components do not effi- 
ciently couple the modes". The parameter Pi is the in- 
trinsic birefringence of the fiber, and F{p,) Is the Four- 
ier transform of f(z). Since the perturbation f(z) is es- 40 
sentially random, it is clear that a constant pitch spin 
will typically not result in efficient mode coupling. On 
the other hand, non-constant pitch spin, especially 
spin that has alternately positive and negative helicl- 
ty, is likely to contain spatial components that pro- 45 
duce efficient coupling. We currently believe that 
strong coupling can be obtained with spin of varying 
spatial frequency that comprises, in addition to re- 
gions of relatively high spin spatial frequency, regions 
of relatively low spin spatial frequency. This is. for in- 50 
stance, the case if the spin alternates between posi- 
tive and negative heliclty. 

The invention is also embodied in optical fiber 
(exemplarily Si02-based fiber comprising a core and 
a cladding, with the former having larger effective re- 55 
fractive index than the cladding material that sur- 
rounds the core) that is produced by the Inventive 
method, it is also embodied in an article (e.g., an opt- 



ical fiber communication system that comprises a 
source of an optical signal, means for detecting an 
optical signal, and an optical fiber according to the in- 
vention signal-transmisstvely connecting the detector 
means and the source. More specifically, a spin is im- 
pressed on the fiber, with the spin not being constant 
along the fiber, and with at least a portion of the fiber 
having a spatial spin frequency in excess of 4 
spins/meter. 

FIG. 1 schematically depicts conventional (prior 
art) drawing apparatus 10. Fiber preform 11 is slowly 
fed (by means of a feed mechanism that is not shown) 
into furnace 12, where fiber 13 is drawn from the 
necked down portion of the preform. The bare fiber 
passes through diameter monitor 14 into coating ap- 
plicator 15, wherein the polymer coating (frequently 
comprising an inner and an outer coating) is applied 
to the, by now relatively cool, bare fiber. After passing 
through coating concentricity monitor 16 the fiber 
passes through curing station 17. Exemplarily 17 
comprises UV lamps. Downstream from 17 Is coating 
diameter monitor 18, followed by guide means (e.g., 
rollers 191, 192, 193) and drive means (e.g., pulling 
capstan 20) in region 21. It will be noted that guide 
roller 191 is the first contact point of the fiber with a 
solid. At this point the fiber is already protected by a 
cured polymer coating. It will also be noted that the 
draw force is provided by capstan 20, and that the ro- 
tational speed of 20 determines the draw speed, 
which exemplarily can be as high as 20 m/second. 
From 20 the fiber typically is lead to (independently 
driven) take-up means, e.g., a take-up spool. Those 
skilled in the art will recognize that FIG. 1 shows sev- 
eral optional features (e.g., 14, 16, 18), and does not 
show ail possible features (e.g., a hermetic coating 
chamber between 12 and 15). However, FIG. 10 ex- 
emplifies currently used conventional drawing appa- 
ratus. 

In the prior art apparatus of FIG. 1 the fiber es- 
sentially moves in a single plane at least between its 
point of origin in the furnace and the capstan, and no 
twist is intentionally impressed on the fiber. See FIG. 
2, which is a schematic top view of portion 21 of the 
apparatus of FIG. 1. 

According to the invention, a torque is applied to 
the fiber such that a spin is Impressed on the fiber. 
Although in principle the torque could be applied at 
any downstream point (prior to take-up) at which the 
fiber has cooled sufficiently to be contacted, it is gen- 
erally not desirable to contact the bare fiber. Thus, the 
torque advantageously is applied at a point down- 
stream from curing station 17, typically at an appro- 
priate point in region 21 . It is currently most preferred 
to apply the torque by means of the first guide roller. 

We have discovered that an intermittent torque 
can be applied to the fiber, such that a twist with non- 
constant pitch is impressed on the fiber. This can, for 
instance, be accomplished by changing the orienta- 
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tlon of guide roller 1911 of FIG. 3. exemplarlly by cant- 
ing the roller by an angle 0 around a direction parallel 
to the draw tower axis. Canting roller 1911 as indicat- 
ed causes the fiber to oscillate back and forth on the 
roller, in response to lateral forces that automatically s 
arise in this arrangement. More specifically, the lat- 
eral forces translate into a torque on the fiber, which 
causes the fiber to roil laterally on roller 1911, thereby 
moving the fiber out of the plane defined by the fiber 
in the prior art (un-canted) apparatus. It will be appre- io 
elated that the lateral roll is superimposed on the con- 
ventional draw motion. The lateral motion of the fiber 
is believed to give rise to a restoring force that in- 
creases with increasing lateral displacement of the 
fiber, causing the fiber to jump back (substantially, is 
but not necessarily exactly) into the plane, only to im- 
mediately begin another sidewise roll. This non-sym- 
metrical back-and-forth motion is indicated by the 
double-headed arrow adjacent to roller 1911 in FIG. 
3. The angular rotation speed of the fiber during the 20 
lateral roll is, Inter alia, a function of the cant angle e. 
Thus, the pitch of the spin Impressed on the fiber Is 
also a function of e. For Instance, particular draw ap- 
paratus used by us yielded average pitches of 14 and 
7 cm for 0 = 7 and 15*, respectively. It will be appre- 25 
elated that these values are exemplary only, since 
the pitch will depend, inter alia, on the configuration 
and height of the draw tower, the draw speed, the 
draw tension and the coating viscosity. 

Those skilled in the art will recognize that the de- 30 
scribed exemplary method not only impresses a spin 
on the fiber but also introduces a isubstantially equal 
and opposite (generally elastic) twist into the taken- 
up fiber. Although such fiber may be acceptable for 
some purposes (e.g., for sensor purposes that require 35 
only a relatively short length of fiber), it will generally 
be desirable to remove (or prevent the introduction of) 
the unwanted elastic twist. The elastic twist can, for 
instance, be removed by appropriate respooling. 
However, it is preferable to substantially prevent Intro- 40 
duction of the elastic twist This can be accomplished 
by alternately imposing a clockwise and a counter- 
clockwise torque on the fiber, exemplarily as descri- 
bed below. 

Causing the guide roller 1912 of FIG. 4 to oscil- 45 
late about an axis that is parallel to the fiber draw di- 
rection (which is typically the same as the draw tower 
axis) alternately impresses positive and negative spin 
on the fiber. Furthermore, the resulting positive and 
negative elastic twists on the fiber substantially can- so 
eel, such that the fiber on the take-up spool is sub- 
stantially free of torsional elastic strain. Guide roller 

1912 of FIG. 4 can be caused to oscillate back and 
forth by any appropriate means, e.g., by eccentric 
drive means (not shown). An alternate arrangement 55 
is schematically shown in FIG. 5, wherein guide roller 

1913 is caused to move back and forth axially. by ap- 
propriate conventional means that are not shown, re- 



sulting in alternate application of clockwise and coun- 
terclockwise torque on the fiber. 

Those skilled in the art will recognize that the 
guide and drive means 21 of FIG. 1 can take many 
forms. For instance, sheaves (as shown in FIGs. 1-3) 
may be used, or ungrooved rollers may be used, or 
sheaves and ungrooved rollers may be used in com- 
bination (exemplarily as shown in FIGs. 4 and 5). All 
appropriate guide and drive means are contemplated, 
as are all appropriate means for applying an appropri- 
ate torque to the fiber. 

FIG. 6 shows exemplary experimental data, 
namely, the spin spatial frequency (in spins/m) as a 
function of distance along the fiber. Curve 60 was ot>- 
tained from a single mode fiber which was drawn at 
1 .5 m/second, with 60 cycles/minute of the oscillating 
guide roller 1912 of FIG. 4), and curve 61 from an 
otherwise identical single mode fiber which was 
drawn at 3 m/second, with 106 cycles/minute of roller 
1912. As can be seen from FIG. 6, each of the fibers 
contains portions whose spin spatial frequency is far 
in excess of 4 splns/m (even In excess of 20 spins/m), 
and In each of the fibers the spin is non-constant, 
even having clockwise and counterclockwise helicity, 
resulting in substantial likelihood that the spin com- 
prises a component that is effective in coupling the 
two polarization modes. 

Those skilled in the art will appreciate that the 
pitch of the spin impressed on fiber drawn in appara- 
tus of the type shown in FIG. 4 depends, inter alia, on 
the oscillation amplitude 20' and the oscillation fire- 
quency. For instance, in a particular fiber draw appa- 
ratus according to the invention 0' was about 15**, and 
the oscillation frequency was about 106 cycles/min- 
ute. These values are exemplary only, and those skil- 
led in the art will, aided by the teachings herein, be 
able to not only adapt their draw apparatus to practice 
the invention but also to select draw parameters that 
are suitable for their particular apparatus. 



Claims 

1. A method of making an optical fiber comprising 

a) providing an optical fiber preform (11); 

b) heating at least a portion of said preform: 
and 

c) drawing optical (13) fiber from the heated 
preform such that a spin is impressed on the 
fiber, associated with drawing the fiber being 
a draw direction; 

CHARACTERIZED IN THAT 

d) step c) comprises applying a torque to the 
fiber, said torque causing the fiber to undergo 
rotation around the longitudinal axis of the fib- 
er such that the spin is impressed on the fiber 
as it is drawn from the preform, with the tor- 
que selected such that at least a portion of the 
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fiber has a spin whose spatial frequency is 
greater than 4 spins/meter. 

2. Method according to claim 1. wherein the torque 

is applied such that the spin impressed on the fib- s 
er does not have a constant spatial frequency. 

3. Method according to claim 1, wherein the torque 
is alternately applied in clockwise and counter- 
clockwise direction, such that the spin impressed io 
on the fiber is alternately clockwise and counter- 
clockwise, 

4. Method according to claim 3, wherein step c) 
comprises coating the fiber with a polymer coat- is 
ing and causing the coated fiber to contact a 
guide roller, wherein the alternating torque is ap* 
plied by means of said guide roller. 

5. Method according to claim 4, wherein applying 20 
the torque by means of the guide roller comprises 
causing the guide roller to oscillate about an axis 

that Is substantially parallel to said draw direction. 

6. An article that comprises single mode optical fib- 25 
er comprising a core and a cladding surrounding 

the core, with a spin impressed on the fiber, 

CHARACTERIZED IN THAT 

in at least a portion of the fiber the spin 
has a spatial frequency that exceeds 4 30 
spins/meter,, with the spin not being constant 
along the fiber. 

7. Article according to claim 6, wherein associated 

with the fiber is a polarization mode dispersion 3S 
(PMD), with the PMD of the fiber being less than 
0.5 ps/km^^. 

8. Article according to claim 6. wherein the spin is 
alternately clockwise and counterclockwise. 40 

9. Article according to claim 6. wherein the article is 
an optical fiber communication system that com- 
prises an optical signal source, means for detect- 
ing an optical signal with said single mode optical 45 
fiber signal-transmlssivety connecting said 
source and said detecting means. 

10. Optical fiber comprising a core and a cladding 
surrounding the core, with a spin impressed on so 
the fiber, said fiber being single mode optical f il>- 

er produced according to the method of claim 1. 
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